Introduction
Falls are caused by many factors, including external factors such as environment and multiple drugs. The inherent risk factors such as age, a history of fall or recurring nearly fall without fall events, diseases, cognitive impairment, depression, sensory dysfunction, lower extremity muscle strength, balance and gait problems, the use of exercise walking aids, and daily living dysfunction. There are many studies concerned with the prevention of falling which are based on the multifactorial assessment tool to assess falling [1] . Elderly falling prevention intervention strategies includes fall risk assessment, multifactorial intervention, sport training, adjustment of medication, improved environment and vision, supplemental vitamin D and calcium, pacemaker and education.
Balance exercise such as tai chi not can only reduce falling occurrences but also can get other physical and mental health benefits at the same time. Reducing elderly mental disorder treatment medication can significantly reduce falls, but cannot easily change the drug effects on the elderly. Environmental improvement intervention is suitable for the elderly who has fallen in the past. Cataract surgery can reduce most of the elderly's bad fall caused by Abstract The main purpose of this study is to investigate twice a day simple 9-step tai chi effects of the center of pressure (COP) and physiological signals of elderly people. Data are collected from the COP signals, electromyography (EMG), and pulse oximetry for 1 min for the period of 12 weeks. The COP signals are analyzed using multivariate empirical mode decomposition and multivariate multiscale entropy to work out and compare the complexity index (CI). Subjects in this experiment are over 65 years old who are divided into 11 men and 7 women; the average age is 74 ± 8.18 years. In conclusion, it is found that tai chi vision problems. However, exercising tai chi can increase leg muscle strength and effectively improves lower extremity muscle strength. Tai chi exercise can also increase balance and reduce the risk of falling for the elderly [2] .
Tai chi is one of Chinese traditional martial arts and a treasure of Chinese culture, it emphasizes on physical, mental and spiritual cultivation and practice. Tai chi is categorized as a recreational sport of low-middle intensity and aerobic, rhythmic, uncompetitive and whole body performing mode is suitable for various ages and can be practiced anytime, and anywhere.
Center of pressure is an indirect measurement to measure Medial-Lateral (M-L) and Anterior-Posterior (A-P) [3] plane rocking postures. An effective nonlinear analysis method can effectively describe the posture stability and characteristics. The center of pressure (COP) signals are collected for body rocking posture using a force platform, then the displacement of center of pressure displacement is calculated for the Medial-Lateral and Anterior-Posterior directions [4] . Furthermore, the M-L and A-P displacements are analyzed for individual analysis. Therefore, the main purpose of this study is to investigate twice a day simple 9-step tai chi exercise effects on improving the center of pressure (COP) and physiological signals.
Method
There are a few analysis algorithms, such as multivariate empirical mode decomposition (MEMD) and multivariate multiscale entropy (MMSE) that are used to analyze the center of pressure (COP), electromyography (EMG) data and other vital signs.
Analysis algorithms
In this study, MEMD and MMSE are used to analyze the COP, EMG and other data.
Multivariate empirical mode decomposition
The MEMD algorithm basically comes from empirical mode decomposition (EMD), which was proposed by Huang et al. [5] , and has been widely used in nonlinear and non-stationary data analysis based on the inherent characteristics of the time series. EMD has groups of intrinsic mode functions (IMF) corresponding to the modal function within the system in different mechanism of reaction. The first step to calculate the EMD is to find the upper and lower envelope, which is based on the signal in the local maximum and local minimum value to define. The upper envelope is the cubic spline to link with the local maximum value of the continuous curve, and the lower envelope is the cubic spline to connect to the local minimum value of the continuous curve. Average upper and lower envelope is seen as a signal of a trend. The average envelope can be regarded as possible intrinsic mode functions.
The possible intrinsic mode functions separation from the signal process is called sifting process. The intrinsic mode functions obtained from the sifting process must satisfy the following two conditions, otherwise it must run the sifting process again [6] . (1) In the whole time series, the number of all local extrema and zero-crossing difference cannot be more than one. (2) In any one time point, the average envelope must tend to zero.
If these two conditions are satisfied, the separated signals called intrinsic mode functions (IMF) will be recorded as c 1 .
Original signal and c 1 subtraction can get residual signal. The residual signal is used as input to the decomposition of next intrinsic mode functions. Repeating this process can gradually be decomposed for different intrinsic mode functions until the residual signal is a monotonic function.
Original signal after the n times decomposition can get different n groups' IMFs signals. The relationship between decomposed by the empirical mode decomposition method signals and the original signal can be expressed by Eq. (1) where X(t) is the original signal, c i represents the number i IMF, r n is number n times residual signal.
To diversely extend the application of EMD, MEMD method is being developed to decompose diversely nonlinear and non-stationary signals [7] . MEMD method not only overcomes the limit of a single EMD input, but also addresses the computing burden in calculating the noise signal residues in different channels after adding white noise. In addition, it is similar to EMD as a dyadic filter is used for multivariable input of each channel. Also it has the advantage of correction to align the corresponding IMFs from different channels to the same frequency range [8] . In the MEMD method, the average value of m(t) is calculated by multivariate-enveloped K direction vectors, as illustrated in Eq. (2) where the {e θ k (t)} K k=1 is a multivariable envelope in the vectors, along the K direction that predict multichannel input s(t) and multivariate IMF calculations via the s(t) − m(t) and stopping criteria. This process is repeated until all predicted standard signal is satisfied to the standard EMD stops.
(1)
Recently a study [6] has reported that the human body center of pressure signal is lower than 2 Hz. Accordingly, taking the Fourier transform for each IMF can indicate the frequency range of the original signal, therefore, a 2-Hz reference was chosen for analyzing the IMFs.
Multivariate multiscale entropy
Entropy-based algorithms for measuring the complexity of physiologic time series have been widely used. These have proved to be useful in discriminating between healthy and disease patients [9] . Normally, healthy systems generate much more complex outputs than diseased ones. Traditional algorithms are single scale based and fail to account for the multiple time scales inherent in physiologic systems.
Similar to EMD and MEMD, multivariate multiscale entropy (MMSE) is the evolution of multiscale entropy (MSE). MSE is developed by Costa et al. [10] and used to evaluate the complexity of signals over different time scales. Based on the approximate entropy, this method uses sample entropy to quantify the regularity of the finite length time series, which has been applied effectively in analysis of physiology, biology, and geosciences data [11] [12] [13] .
Given a one-dimensional discrete time series {X i , …, X n }, MSE first constructs multiple coarse-grained time series using the scale factor τ. Each element of the time series, {y (1) }, is according to Eq. (3) For scale one, the time series{y (1) }is simply the original time series. The length of each coarse-grained time series is equal to the length of the original time series divided by the scale factor τ. The sample entropy is calculated for each coarse-grained time series plotted as a function of the scale factor τ [10] . Sample entropy reflects the conditional probability that two sequences of m consecutive data points which are similar to each other remain similar when one more consecutive point is included and being "similar" means that the value of a specific measure of distance is less than r [8] . The complexity degree of different combinations in each direction is measured in terms of the complexity index (CI), which is defined as the area under the MSE curve over all scales.
MMSE calculates the relative complexity of the multichannel signals through the plot of the multivariate sample entropy. This makes it possible to assess structural complexity of multivariate physical or physiological systems, together with more degrees of freedom and enhanced rigor in the analysis. In the MMSE, if the multivariable sample entropy value is higher than most of the other scale,
multivariable time series is considered to be more complex than the others. This is the same with the original MSE [2] .
Experiment
The purpose of this experiment is to improve elderly balance by performing nine-step tai chi exercise, and test whether it can improve the heart and lung function. This work is done in corporation with Taiwan Taoyuan Senior Citizens' Home.
Subjects in this experiment are over 65 years old who are 11 men and 7 women, and average age is 74 ± 8.18 years. The physical condition of these subjects is able to walk by themselves, do not need to be supported, and can stand on their own.
Measuring instruments
To assess the improvement of body balance, the force platform measurement instrument developed in the previous research is being used. The system is named as Center of Pressure and Complexity Monitor System (CPCMS) (Fig. 1) . The pressure measurement platform is designed to receive raw data of the balance signal. When the subject stands on the balance measurement device, the pressure measurement platform can receive raw COP signal.
Pulse oximeter-measured oxygen saturation is a noninvasive method to monitor the oxygen saturation. This device is small, light-weight, reusable and portable as shown in Fig. 2a . The sensor is shown in Fig. 2b . This product is developed by Tatung Company. The device is connected to a computer to record SPO 2 and heart rate.
In this study the NeXus-10 Bluetooth Biofeedback (Fig. 3 ) is used to collect EMG signal. Figure 4 shows the Fig. 1 Center of pressure and complexity monitor system (CPCMS) experiment setup which shows the subject standing on the CPCMS and wearing Tatung pulse oximeter and NeXus-10 Bluetooth Biofeedback to collect all the data.
Experimental procedure
The experiment period for the nine-step tai chi exercise experiment is 12 weeks; conducted in the Taiwan Taoyuan Senior Citizens' Home, data are collected every 2 weeks. Subjects do the exercise in the morning and evening every day. Rehabilitation division staff assists with the experiments. The experiment flowchart is shown in Fig. 5 .
The subjects are asked to stand on the CPCMS and connect the SPO 2 and EMG device at the same time to measure COP, SPO 2 and EMG. Each measurement lasts for 60 s, then 60 s break, then the measurement is repeated. The procedure is repeated more than three times. After finishing the procedure above, the subjects are asked to take 60 s break, then do the time-up-and-go test one time. The distance of walking is 3 meters. Take another 60 s break for next test, 6-min walk test where the distance is measured. Since all the subjects are elderlies, there is a person who helps beside them in case of any danger.
Data analysis
The analysis procedure consists two parts. During the experiment, COP, SPO 2 and EMG signals are recorded. SPO 2 signal provides blood oxygen percentage, heart rate, where the respiration rate and psychological stress index (PSI) are inferred. From the result, the second part involves analyzing the tai chi exercise affect on the subjects' heart and lung function. The COP and EMG analysis process is shown in Fig. 6 . Human body center of pressure can be used to assess personal balance mechanism. Since the human body center of pressure signal frequency is very low, the force platform sample rate is 500 Hz and so the signal is resampled at 50 Hz. After the calculation, M-L and A-P signals are acquired. MEMD is used to filter out noise and then use MMSE to calculate entropy value. Finally, the complexity index (CI) is calculated to assess the difference in human body balance ability due to the tai chi exercise.
Analysis result
The COP displacements in two directions of A-P and the M-L are often used to characterize the COP stabilogram. Before performing the MSE and MMSE analysis, the IMF selection has to be made. MEMD is performed first, then the Fourier transform for each IMF to get the frequency range. The frequencies for each IMF are shown in Table 1. IMF 5+6 are selected since these indicate less than 2 Hz signals. Tables 2 and 3 show the results of MSE of AP and ML. From the results, it is obvious that CI of the 6th measurement is higher than the 1st measurement in both AP and ML directions. MMSE is also used to combine both ML and AP directions into one result. Table 4 shows the CI value of the MMSE. From the result, it can be seen that CI of 6th is higher than 1st. From the time-up-and-go test, the subjects need to stand up from a chair and walk to a 3-mfar target then walk back to sit down. The shorter finish time means the speed and stability of walking increase. Table 5 indicates that the time to finish the procedure is shorter after 6th time measurement. The same trend can be seen for the time-up-and-go test, the longer distance is the better, as illustrated in Table 6 . Tables 7 and 8 show the analysis results for pulse oximetry. The heart rate, blood oxygen concentration and respiration rate are extracted from the pulse oximetry. These results indicate no regular changes or improvements in these four parts. The p values for before and after doing the tai chi exercise are bigger than 0.05.
Conclusion and discussion
The MSE result of both COP direction and the MMSE combination method shows that the tai chi exercise can improve human body balance even when just walking few simple steps. However, in this experiment no improvement in the pulse oximetry and EMG signals analysis is found. Furthermore, more rigorous study can be conducted to investigate the relation between complexity of the COP data, physical ability and tai chi. In the future, this experiment can be extended to elderlies with diseases, and then construct an evaluation index for home care for the healthy or diseased elderlies. 
